: Schematic multilayer representation of a flat sample probed by specular X-ray reflectivity as described within Parratt's recursion formalism. Red arrows represent X-rays incident onto the sample at an angle θ with respect to the surface. of a flat sample under an angle θ, is determined by the sample's composition at and near its surface (within a certain depth z into the bulk). To calculate this intensity, Parratt 
where
and
Here, a m is an amplitude factor and f m is a Fresnel reflection coefficient. σ m denotes the root mean square (rms) density variation at the interface between layers m and m − 1 (see S-3 Fig. S1 ). XRR cannot distinguish between a rough interface at z = z m between two media with refractive indices n m and n m−1 and a profile of the refractive index n m (z) that varies smoothly across the interface. As long as the thicknesses d m and d m−1 exceed σ m , the Névot-Croce factor s m may thus be derived using
For a given angle θ, Eq. 5 is calculated in recursive manner starting with m = N and ending with m = 1. Since the sample is penetrated only little by X-rays in the relevant case of small θ, the substrate may be considered infinitely thick and hence r N = 0. The intensity of X-rays specularly reflected from the sample is obtained as
where I 0 is the intensity of the incident X-ray beam.
Due to the finite lateral extent of both the graphene flake and its supporting Si substrate, depending on θ the footprint of the incident X-ray beam may exceed either the former or even both (see . We approximate the profile of the incident X-ray beam by an ellipse of width 2w and height 2h (w and h are the semi axes parallel to y and z · cos θ, respectively) as shown in Fig. S2d . The width of the footprint on the sample is identical to 2w irrespective of θ. This is not the case for its length 2h . Instead, h = h/ sin θ. The area of the elliptical X-ray beam footprint is thus
A bfp has to be compared to both the lateral dimensions of a given graphene flake under study as well as of its supporting substrate. Especially at low angles θ, the X-ray beam footprint falls only partially on the graphene flake (probed area A G ). Another part of area A SiO 2 Figure operations on surfaces). Consequently, the intensity of specularly reflected X-rays (Eq. 10) comprises two weighted contributions and may be rewritten as
where r 0,G and r 0,SiO 2 are the computed recursions (Eq. 5) for the graphene flake-covered and -uncovered parts of the sample, respectively. The weighting factors are
In the upper panel of Fig. S2e , we plot A(θ) and B(θ) for the case of the graphene bilayer shown in Fig. 3d (main text). As is to be expected, B dominates at small θ and A dominates at larger θ. The initial steep increase of B(θ) up to θ S = 0.08
• reflects the finite lateral extent of the substrate l SiO 2 = 8 mm, as θ S = arcsin(2h/l SiO 2 ) = 0.08
• . This causes the well-known sin θ sin θ S -type increase in reflected intensity in the total-external-reflection regime.
S4,S5
The XRR of a multi-layered sample is determined by the profile of electron density perpendicular to the sample surface, i.e., in z-direction. Fig. 3d in the main text shows two schematic examples in its side panels. Here, to first approximation, the densities ρ Si of the Si substrate and ρ SiO 2 of the SiO 2 layer are both assumed independent of z. We model a multi-layered graphene flake assuming identical Gaussian density profiles for each atomic layer. The resulting effective mass density profile S4 of a flake consisting of k graphene sheets stacked upon each other such that neighboring sheets are separated by a distance c can then be described as
Here, q is related to the full width at half maximum (FWHM) of each Gaussian as FWHM = S-6 2q √ 2 ln 2 and R is determined by requiring
where the bulk density of graphite ρ G times the interlayer spacing in graphite c G = 0.335 nm yields the areal density of one graphene sheet. We thus find R = ρ G c G /q √ 2π. In order to use Eq. (14) Graphene is known to partially conform to the underlying SiO 2 (see Fig. S4a ).
S6,S7
We account for this in our calculations as follows. We calculate the θ-dependent XRR response for a density profile representing our systems as described above, however, with a flat SiO 2 surface (zero roughness is fixed. In contrast, our approach allows to keep b locked to each d SiO 2 , thereby mimicking conformal adhesion. We find the overall XRR response thus calculated to typically reveal S-7 Figure S3 : Schematic density profiles for a 3-layer graphene flake supported on a SiO 2 -terminated Si substrate. The z-dependent density of graphene sheets is approximated by Gaussian distributions according to Eq. (14) . For illustration purposes, we show two extreme scenarios with (a) q ≈ 0.127 nm and (b) q ≈ 0.042 nm.
signatures of the graphene system to an extent that agrees better with the experiment. 
S-11
Beam-induced contamination
With the polymer electrolyte present, we systematically observe beam-induced contamination on the sample surface after having performed XRR measurements. In scanning electron micrographs, this contamination appears as broad, dark streaks located where the synchrotron beam irradiated the sample. Three such micrographs are displayed in the top row of Fig. S8 . Using atomic force microscopy, we extract height profiles of the contamination at two different locations for each sample (lower row). The thickness tends to be larger at areas that received more integrated irradiation. The deposited material is possibly due to hydrocarbons cracked by X-ray photons or photoelectrons. S8-S10 Among different possible sources, hydrocarbons likely originate from our solidified polymer electrolyte that contains species with non-negligible vapor pressure. Figure S8 : Scannning electron micrographs of three samples acquired after XRR measurements (top row). The rim of each graphene flake is demarcated by a white dashed line. The polymer electrolyte is colored yellow. A near-horizontal broad, dark streak easily visible in each micrograph is due to beam-induced contamination. Lower row shows height profiles (obtained by atomic force microscopy) across the beam-induced contamination at two locations indicated in the respective top panel.
